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Abstract Sedimentation tanks are designed for the settling of floated solids in water. These tanks are
one of the most important parts of water treatment plants and their performance directly affects the
functionality of these plants. One challenging method for increasing the performance of sedimentation
tanks is to use baffles. A useful baffle should be installed in a suitable place with a proper height. In
this work, an experimental study of particle-laden flow in a rectangular sedimentation tank has been
performed and kaolin is used as solid particles. The effects of baffle configurations on the velocity
and concentration profiles along the tank were studied. Sedimentation tank performance was directly
investigated by measurement of the mean concentration along the tank. In order to determine the best
baffle configuration, two positions of single and double-baffle arrangements with various heights were
investigated. Results show that the best baffle position and proper baffle height relates to the inlet
concentration. In any case, themiddle baffle, with suitable height, is efficient and increases sedimentation
tank performance.
© 2011 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Solids removal is probably the main water purification
method in water treatment plants. The most significant
phase of this process is to separate sludge and suspended
particles from water by means of gravity. In these basins,
the turbid water flows into the basin at one end and the
cleaner water is taken out at the other end by decanting.
Obviously, the water must flow in the tank long enough
for the appropriate particle deposition. The performance of
these sedimentation tanks directly affects the filtration basin
efficiency. Sedimentation tanks are divided into two main
categories. Primary sedimentation tanks have a low influent
concentration, their flow field is not influenced much by the
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Secondary or final-sedimentation tanks have a higher influent
concentration. They are usually placed after primary tanks and
activation tanks [1]. So, they usually contain activated sludge
and as a result, the size of particles grows and the flow field
is influenced by the concentration distribution. Investment for
sedimentation tanks is about 30% of the total cost of a treatment
plant. Therefore, the performance of these tanks directly affects
the filtration basin efficiency. Consequently, the design of tanks
with a high deposition rate and high hydraulic efficiency is
imperative and has been the subject of many experimental
and numerical studies. In fact, many factors clearly affect the
capacity and performance of a sedimentation tank, for example
solids loading rate, tank type, solids removal mechanism, inlet
design, weir placement, etc.
One of these factors is using a baffle in the sedimentation
basins. Installing a baffle in a sedimentation basin and its effects
on basin hydraulic efficiency is a challenging subject on which
many studies have been performed, and various results have
been reached regarding baffle effectiveness in sedimentation.
Over the years, numerous numerical studies have also been
conducted concerning baffle effects on sedimentation basin
performance. Goula et al. [2] compared standard and baffle-
equipped tanks, numerically. They found that the baffle
decreases the inlet recirculation zone and enhances the settling
of solids by directing them towards the bottom of the tank with
high velocities. It was noteworthy that even small differences
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of settled particles; in this work, the overall solids removal
efficiency increased, when using the baffle from 90.4% to 98.6%.
Ekama and Marais [3] studied the secondary sedimentation
basin design, with a two-dimensional Computational Fluid
Dynamics (CFD) model, Settler CAD, used as a basic three-
dimensional full-scale sedimentation basin. They showed that
although the baffle could significantly reduce the Effluent
Suspended Solids (ESS) concentration while the sedimentation
basin was under loaded, it did not increase the flux rating (or
capacity) of these basins.
Generally, sedimentation tanks are characterized by several
hydrodynamic phenomena, such as density waterfalls, bottom
current and surface return currents, and are also sensitive
to temperature fluctuations and wind effects [2]. As a result,
the flow regime in sedimentation basins might be not well
predictable with numerical models. Therefore, experimental
studies on the flow regime in sedimentation basins seem
necessary to investigate baffle effects on basin performance.
Ahmed et al. [4] studied the effects of baffle positions,
with different contractions, on flow patterns and suspended
solids distribution experimentally. It was qualitatively shown
that the baffle position had a significant effect on the flow
patterns, suspended solids concentration and solid removal
efficiency. The best baffle location was found to be at a
distance within 5% of the tank length from the inlet, and a
height at 67% of the tank depth. Younes et al. [5] studied
the hydrodynamic damping provided by using vertical baffles
in partially filled rectangular tanks, using an experimental
method. Lower mounted and upper mounted vertical baffles
of different heights and numbers were tested. The results
showed that the size and location of the vertical baffles
significantly influence hydrodynamic damping. In general, the
damping ratio, which is a dimensionless measure describing
howoscillations in a systemdecay after a disturbance, increased
as the tip of the lower mounted baffle plate was close to the
liquid free surface and the location of the plate was close to
the center of the tank. Increasing baffle numbers increased
damping ratio. The twin side uppermounted baffles and center-
holed lower mounted baffle arrangements gave a maximum
damping ratio. Crosby [6] used an additional baffle at mid-
radius extending from the floor upwards to the mid depth, and
observed a reduction of 38% in effluent concentration. Krebs [7]
investigated the effects of the inlet and intermediate baffles
on the flow field in final clarifiers. His research was mainly
based on experiments and numerical modeling, as well as
analytical relations. But experimental investigations of Taebi-
Harandy and Schroeder [8] on primary clarifiers showed that
the placement of an intermediate baffle, installed close to the
middle of the clarifier and extended from the floor upward
to one-third depth, had no significant effect on efficiency.
They believed that the discrepancy between the result of their
studies and other work was likely due to the difference in
flow patterns; meaning that if the dominant current was a
surface current, a baffle extending from the top upward might
improve solid removal efficiency. Lopez et al. [9] studied flow
models for rectangular sedimentation tanks. The main flow
lines were determined by them under different experimental
conditions. They concluded that a change in the arrangement
of inlet feed could allow a device to handle higher volumes by
maintaining the flow conditions that improve sedimentation.
Tamayol et al. [10] numerically studied the hydrodynamics of
secondary settling tanks and increased their performance using
baffles. Effects of inlet Reynolds and Froude numbers for aFigure 1: A schematic diagram of the tank.
secondary settling tank on the strength of buoyancy force were
investigated. Their results showed that neither Reynolds nor
Froude numbers were sufficient to be considered alone. The
effect of buoyancy force on suitable baffle position was also
investigated. They concluded that at high Reynolds numbers,
the flow field and baffle position were not affected by the inlet
Froude number.
In the present work, an experimental study of the effects
of baffles on the performance of secondary sedimentation
tanks has been conducted. The performance of these tanks
was directly investigated by the mean concentration calculated
from concentration profiles along the tank. The performance
of secondary sedimentation tanks is determined by outlet
concentration, so this parameter, whichwas used in the present
work, is the most important in determination of sedimentation
tank performance. Finally, a best baffle configuration for a
rectangular secondary sedimentation tank was determined. In
order to determine the best baffle configuration, single and
double-baffles, with various heights and positions, were also
investigated. The effects of baffles on velocity and concentration
profiles along the tank were studied as well.
2. Measurements
2.1. Experimental setup
The sedimentation process takes place in a horizontal
rectangular sedimentation tank. The channel is 8 m long, 0.2 m
wide and 0.6mdeep, the 0.34mdepth ofwhichwas used in this
work, with a smooth bottom and Plexiglas sidewalls. The slope
of the channel bed is set to zero, constantly. The inlet baffle has a
rectangular cross section whose height is h0 = 11 cm. A sharp-
edged weir of a height of 32 cm generates the outlet flow. As a
result of the weir, the flow has a height of 34 cm in the channel.
The single or double-baffle configurations are installed at 2.4 m
and 4 m distances from the inlet of the tank. Baffle heights are
various, from 8 cm to 22 cm. A schematic diagram of the tank is
shown in Figure 1.
A supply tank with a maximum capacity of 2 m3 is used to
prepare the turbid water. The supply tank is made of stainless
steel, installed at an elevation of 2.5 m from the ground. A gate
valve controls the flow rate to the sedimentation tank; the flow
rate is measured by a flow meter and fixed at a desired rate.
This inlet flow rate is 35.5 L/min in all experiments. In this
set of experiments, kaolin, with a specific gravity of 2.65 and
D50 = 12 µm, is used as the solid particles. After mixing the
kaolin within the fresh water in the supply tank and before
feeding it into the sedimentation tank, it is transferred to a
weir by a circulation pump. The purpose of using this weir
is to keep the turbid water head constant and to prevent the
impact of fluctuations in the supply tank on the flow rate. In
order to unify the particle concentration at the inlet flow, in the
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the kaolinwithin the freshwater has beenmixing continuously.
In these experiments, the velocity and concentration profiles
aremeasured by a 10MHz ADV (Acoustic Doppler Velocimeter)
made by the Nortek Company, which uses the Doppler effect.
Acoustic Doppler anemometry relies on the use of pulsed
echo sound wherein an ultrasound pulse is emitted along a
measuring probe from a transducer and the same transducer
receives the echo reflected from the surface of small particles
suspended within the flow, which are assumed to move with
the water velocity. The scattered sound signal is detected by
the receivers and used to compute the Doppler shift. Then the
flow velocity is given by the Doppler shift in the ultrasound
frequency as particles pass through the measurement volume.
It is noted that all measurements have been performed on
a vertical central plane and as a result, the two-dimensional
flow can reasonably be assumed on this plane. ADV is capable
of measuring velocity accurately using a sampling volume as
small as 0.254 cm3 [11]. The sampling volume is located at the
intersection of the transmit and receive beams from the tip of
the probe either 50 or 100 mm away from the sensor (in this
study, 50 mm away from the sensor) to provide undisturbed
measurements. As a result, ADV is capable of measuring
velocity components reliably in a non-invasive way [11,12].
In our experiments, data is collected for about 30 to 40 s
at each point, at the maximum available sampling rate of
25 Hz. The three-dimensional velocity range is 2.5 m/s, and
the velocity output has no zero-offset [11]. Since downward-
looking ADV probes are used, velocity measurements were
performed form the top of the channel and continued by
dipping the probe to the channel bottom. About fourteen
positions were measured to get the representative velocity
profile. These series of experiments are carried out to obtain
instantaneous velocities and time-averaged velocity profiles.
Two ADV probes are mounted separately on a carrier with
1.0 m distance. Thus, measurements at each pair of sections
(x = 1.5 m, 2.5 m), (x = 3.5 m, 4.5 m) and (x = 5.5 m,
6.5 m) were performed simultaneously. The probes are easily
transferable in vertical and horizontal directions. The ADV
signal conditioningmodule is connected to a personal computer
during measurements. Real-time observation of the velocity
time series is made possible (in tabular and graphical forms) by
the data acquisition software supplied by the manufacturer. A
schematic sketch of the experimental setup has been shown in
Figure 2.
2.2. Concentration measurement
Concentration is one of the most important parameters in
sediment-laden flows. To study erosion and deposition pro-
cesses, the concentration profiles should be measured. The
acoustic backscatter techniques have been used to measure the
concentration of sediment-laden flows in the ocean, open chan-
nels etc. If concentration is low, acoustic backscatter techniques
could be used [13,14]. The simple relation between the acoustic
backscatter intensity, I , and particle mass concentration, C , was
demonstrated as follows [13]:
I = I0CSf Sa exp[−2(aw + as)r]
r2
, (1)
where I0 is transmitted intensity. On the other hand, C = ρsc ′,
where c ′ is the volumetric sediment concentration and ρs is
the particle density. Sf contains all system specific parameters,
such as probe geometry, transducer size, efficiency and receiversensitivity, Sa includes all particle-specific parameters, such
as size, density and elasticity, aw is water absorption, as is
the absorption due to particle scattering and r is the acoustic
propagation path. For low concentration (about 10 g/L), particle
attenuation can be negligible [15]. Since the acoustic frequency
of ADV is 10 MHz, aw is constant approximately [15]. For the
linear range, Eq. (1) can be reduced to:
C = PI, (2)
where P is a specific coefficient that depends on constant
coefficients in Eq. (1). In this research, the inlet concentration
has been set at 0.4 and 1.0 g/L. Considering the deposition
of particles, concentration magnitudes in the working sections
are small. So, the intensity of acoustic signal from sediment
particles that are measured with ADV has a linear relation
with the concentration. A standard ADV system provides a
single amplitude as part of its output, measured with the same
frequency and at the same sampling volume as the velocity. On
the other hand, the intensity of acoustic signal backscattered
from small particles in the sampling volume is proportional
to the power function of the signal amplitude data obtained
by ADV [13,14]. Therefore, the intensity of the acoustic signal
function of the signal amplitude was calibrated as follows [13]:
Im ∝ (100.0434AMP1 + 100.0434AMP2 + 100.0434AMP31), (3)
where AMP1,AMP2 and AMP3 are signal amplitudes obtained
by three receiver transducers and I is given as an average value
of three intensity values obtained by three receivers.
To find the calibration coefficient for measuring concentra-
tion, the acoustic backscattering intensity of ADVwas calibrated
in the laboratory using a water sampling system. Water sam-
pling was measured by siphon sampling. The collected samples
were settled in the oven for drying and thenweighed. Themea-
sured concentrationwas used for the calibration curve between
the intensity of acoustic signal and sediment concentration. The
results show a relation between mean averaged acoustic inten-
sity (Im) and mean sediment concentration (C¯). Figure 3 shows
the relation between intensity (Im) and sediment concentration
for two ADV probes. As seen from this figure, the calibration
equation is linear with zero offset.
2.3. Experimental procedure
After adjusting experimental devices and installing measur-
ing facilities, the experiments are performed. The experimental
program is divided into four major phases. In the first phase,
the sedimentation process is studied in cases without baffle. In
the second phase, a single baffle is placed at 2.4m from the inlet
and experiments are performed using 8, 11, 17 and 22 cm baffle
heights. In the third phase, a single baffle is placed at 4 m from
the inlet and baffle heights are the same as those in the sec-
ond phase. In the fourth phase, two baffles are placed at 2.4 and
4 m from the inlet (named as a double-baffle case); the baffle
heights are shown in Table 1. For each of these phases, two in-
let concentrations of 400 and 1000mg/L are studied. To ensure
the quality and accuracy of the achieved data, each experiment
is repeated several times under identical conditions. The condi-
tions of all experiments are shown in Table 1. The heights in the
double-baffle case are shown, such as 17–11 cm. It means that
the first baffle (placed at 2.4 m from the inlet) height is 17 cm
and the second baffle height is 11 cm. In this table, C0 is the inlet
concentration.
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Phase Baffle position Baffle height C0 (mg/L) Frin
Phase # 1 Without baffle – 400 1.29Without baffle – 1000 0.82
Phase # 2 single baffle at 2.4 m Baffle at 2.4 m 8, 11, 17, 22 cm 400 1.29Baffle at 2.4 m 8, 11, 17, 22 cm 1000 0.82
Phase # 3 single baffle at 4 m Baffle at 4 m 8, 11, 17, 22 cm 400 1.29Baffle at 4 m 8, 11, 17, 22 cm 1000 0.82
Phase # 4 double baffle Baffles at 2.4–4 m 8–8, 11–11, 17–17, 22–22, 11–17, 11–22, 17–22, 17–11, 22–11, 22–17 cm 400 1.29Baffles at 2.4–4 m 8–8, 11–11, 17–17, 22–22, 11–17, 11–22, 17–22, 17–11, 22–11, 22–17 cm 1000 0.82The value of important non-dimensional quantities, such as
the inlet densimetric Froude number (Frin) and inlet Reynolds
(Rein), are defined as follows:
Rein = U0 × h0
ν
, (4)
Frin = U0/

ρ − ρw
ρw
× g × h0, (5)
where h0 is the opening height of the inlet gate and is kept
constant to 11 cm in all experiments. ν is the kinematic viscosity
of the mixture and g is the gravitational acceleration. ρw is the
density of the pure water and ρ is the density of the mixture.
The average inlet velocity,U0, is kept constant as well and equalto 2.689 cm/s for all cases. Therefore, the inlet Reynolds number
is constant (≈3000). Due to the low inlet concentrations in
these experiments, the mixture viscosity is considered to be
approximately equal to that of the ambient water.
The Reynolds number inside the channel, calculated based
on the average velocity and hydraulic diameter of the channel,
is 2500. The inlet Reynolds number indicates that the inlet
flow is turbulent. Similar to the work of Lyn and Rodi [16],
the traditional hydraulic modeling criteria has been borrowed
from pipe studies and Re > 2000 is considered the criterion
for turbulent flows. Thus, the values of Reynolds number in
the channel indicate that the operating flow remains turbulent,
regardless of baffle position or Froude number.
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3.1. Flow structures
Figures 4–6 show the flow structures in cases without baffle
and an inlet concentration of 1000 mg/L. The velocity profiles
along the tank, in this case, are shown in Figure 4. As can be
seen, at the inlet area (Figure 4(a)), the velocity profile shows
disturbances due to the inlet jet flow. But as length passes,disturbances decrease and therefore the flow becomes fully
developed after the section, x/L0 = 0.25 (Figure 4(c)). It means
that the velocity profiles at x/L0 = 0.45, 0.55, 0.625 and 0.75
confirm each other (Figure 4(c)–(f)).
Figure 5 shows the concentration profiles along the tank in
cases without baffle and an inlet concentration of 1000 mg/L.
Also, in order to show more details, concentration contours for
the same case are shown in Figure 6.
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1000 mg/L).
At the inlet region, due to the inlet jet flow, particles are
dispersed at all vertical sections of the tank (Figure 5(a)). But
as length passes, concentrations at the upper part of the tank
decrease and at the lower part are vice versa (Figure 4(b) and
(c)). Trends of sedimentation can be seen in Figure 5(d)–(f). At
x/L0 = 0.55, the concentration at 0.1H0 is higher than that
at the tank bottom (Figure 4(d)), but at x/L0 = 0.625, it is
equal to the concentration at the bottom (Figure 5(e)). Finally,
at x/L0 = 0.75, it is lower than the concentration at the bottom
(Figure 5(f)). It seems that before the mid-length of the channel
(0.5L0), the top particles push downward and after that, the
heavier particles settle down.
Figures 7–9 show the flow structures in cases where a
single baffle is placed at 0.5L0, with 0.32H0 height and an
inlet concentration of 1000 mg/L. The velocity profiles along
the tank, in this case, are shown in Figure 7. As can be seen,
at the inlet region (Figure 7(a)), the velocity profile shows
disturbances again, due to the inlet jet flow. As a result of the
baffle effect, the velocity profile shifts to the top of the tank
before the baffle and at x/L0 = 0.45 (Figure 7(c)). Figure 7(d)
depicts the location after the baffle; in the presence of the
baffle at the mid-length of the channel (0.5L0), the passing
area decreases and therefore maximum velocity increases. As
length passes, the baffle effect disappears. Thus, the maximumvelocity decreases, and the flow becomes approximately fully
developed.
By comparison between Figures 4 and 7, the effect of the
baffle can be seen. The baffle shifts the velocity profile to
the upper part of the tank at x/L0 = 0.45 (Figures 4(c)
and 7(c)). The maximum velocity after the baffle increases,
and the location of maximum velocity from the tank bottom
decreases due to passing area reduction (Figures 4(d) and
7(d)). Decreasing in maximum velocity height from the bottom
continues throughout the tank. The baffle increases maximum
velocity and then because ofmass conservation, causes a higher
normal velocity in a negative direction. Therefore, the location
of maximum velocity from the bottom decreases.
Figure 8 shows the concentration profiles along the tank
when the baffle is located at 0.5L0, with 0.32H0 height and
inlet concentration of 1000 mg/L. Also, in order to show more
details, the concentration contour for the same case is shown in
Figure 9. At the inlet region, the flow is disturbed; as a result,
particles dispersed at all depths of the tank. Along the tank, the
concentration in the upper parts decreases, but near the bottom
of the tank, it increases. The effect of baffle on the flow field
can be seen at x/L0 = 0.55. It seems that the baffle prevents
particles moving; consequently, concentration near the upper
part of the tank decreases. Where the flow is fully developed,
concentration profiles gradually decrease with distance from
the bed.
A comparison of Figures 5(c) and 8(c) depicts that before
the baffle location at the mid-length of the channel (0.5L0),
particles shift to the upper part of the tank, due to the baffle.
Baffle shifts the flow up and as a consequence, the particles
shift to the upper part of the tank. The density current can be
seen in caseswithout baffle (Figure 6).While the baffle prevents
the density current moving along the tank, in cases of baffle
presence, density current does not occur (Figure 9).
Figures 10–12 show flow structures in cases of double-
baffle, with heights of 0.5–0.32H0 and an inlet concentration
of 1000 mg/L. The velocity profiles along the tank, in this case,Figure 7: Velocity profiles along the tank when a single baffle is installed at 0.5L0 with 0.32H0 height (Cin = 1000 mg/L).
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second. The first baffle, placed at x/L0 = 0.32, shifts the flow
up and increases disturbances produced by the inlet jet flow
(Figure 10(b)). After the first baffle, as expected, the maximum
velocity increases at x/L0 = 0.45. Also, after the second baffle,
located at x/L0 = 0.5, again maximum velocity increases.
At location x/L0 = 0.55, the velocity is negative between
0.4H0 and 0.5H0 from the bottom, which does not happen in
single baffle cases (Figure 8(d)). The first baffle, due to the large
height, makes a large recirculation zone, which is broken by
the second baffle. This recirculation zone is intensified by the
second recirculation zone after the second baffle; therefore,
negative velocity is produced.
Figure 11 shows concentration profiles along the tank, when
double-baffle configurations with 0.5–0.32H0 height and an
inlet concentration of 1000 mg/L are examined. The first baffle
is placed at x/L0 = 0.32 and the second is located at x/L0 = 0.5,
similar to the previous case.
The concentration contours for this case are shown in
Figure 12 as well. The first baffle gathers lots of particles behind
itself at location x/L0 = 0.25, due to its large height, this
accumulation of which does not exist in a single baffle case
(Figure 8(b)). According to Figure 12, the upper part of the tank
is nearly occupiedwith purewater after the first baffle location,
due to the larger height of the first baffle. However, the second
baffle has a vital role in this configuration, as it breaks the
recirculation zone occurred after the first baffle; consequently
preventing settled particles returning to the flow.
The same effects could be observed using various types
of baffle; thus, similar results are not mentioned to avoid
repetition.
3.2. Tank performance
In these experiments, two concentrations of Cin = 400
and Cin = 1000 mg/L are studied (Table 1). SedimentationFigure 9: Concentration contour along the tankwhen a single baffle is installed
at 0.5L0 with 0.32H0 height (Cin = 1000 mg/L).
performance with and without baffle is investigated using the
mean concentration of each section along the tank, defined as
follows:
Cmean =
 hz
0 c × dz
hz
, (6)
where c is the local concentration in z height (from the tank
bed) and hz is the maximum height at which the ADV can
be used. ADV detects nearly 6 cm below its probe tip and as
mentioned, the work point should be in water; therefore, about
6 cm under the free surface of water is not detected. However,
the concentration above that height, except at the inlet region,
is approximately zero, as seen in Figure 5. In this part, the baffle
effects will be discussed for both concentrations separately.
3.2.1. Inlet Concentration of 400 mg/L
The mean concentration curves along the tank, with a
single baffle installed at 0.3L0 with diverse heights and an
inlet concentration of 400 mg/L, are shown in Figure 13.
As is clear, mean concentration decreases along the tank
because of sedimentation, though the baffle makes some
changes on it. Mean concentration decreases between 0.25L0
and 0.35L0 in some cases of baffle existence. The baffle acts
H. Asgharzadeh et al. / Scientia Iranica, Transactions B: Mechanical Engineering 18 (2011) 938–949 945Figure 10: Velocity profiles along the tank in a double-baffle case with 0.5–0.32H0 height (Cin = 1000mg/L). The first baffle is placed at x/L0 = 0.32 and the second
one is located at x/L0 = 0.5 (Cin = 1000 mg/L).Figure 11: Concentration profiles along the tank in a double-baffle case with 0.5–0.32H0 height (Cin = 1000 mg/L).like an obstacle against particles; thus, lots of particles do
settle at the region before the baffle. After the baffle location,
mean concentration decreases due to the re-suspension of
the particles. Because high sedimentation takes place before
the baffle, mean concentration at 0.25L0 is more than that
at 0.1L0 in cases of higher baffle. Mean concentration, in
cases of single baffle with 0.24H0 height, is less than that
of no baffle; as a result, it is efficient and improves tankperformance. Other cases are inefficient and their performance
lessens with increasing baffle height. There are two reasons for
this phenomenon; first, higher baffle causes stronger jet flow,
as a result of higher flow velocity, which takes place because of
decreasing the passing area, and causes particle re-suspension.
Second, a higher baffle makes a larger recirculation zone.
Recirculation zones reduce the effective sedimentation volume
of the tanks, causing high mixing and creating short circuiting
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0.5–0.32H0 height (Cin = 1000 mg/L).
Figure 13: Mean concentration curves along the tank when a single baffle is
installed at 0.3L0 with various heights (Cin = 400 mg/L).
Figure 14: Mean concentration curves along the tank when a single baffle is
installed at 0.5L0 with different heights (Cin = 400 mg/L).
between the inlet and outlet, which reduces the performance
of the tank; these regions are called dead zones [17]. Figure 14
shows the mean concentration curves along the tank, when the
baffle is installed at 0.5L0 with various heights and an inlet
concentration of 400 mg/L. The mean concentration increases
slightly between 0.45L0 and 0.55L0 in all cases except those
without baffle. The outlet concentrations, in cases of a single
baffle with 0.24H0 and 0.32H0 height, are less than those
without baffle, so these baffles are efficient and improve the
sedimentation tank performance. At this baffle location, other
cases are not useful. In addition, a comparison of Figures 13 and
14 shows that for this inlet Froude number, installing a baffle in
the middle of the channel improved the hydraulic efficiency of
the tank.
In the present work, double-baffle configurations are also
studied in order to determine the best baffle location. The first
baffle is installed at 0.32L0 and the second one at 0.5L0 with
various heights. They are classified into three groups. In the first
group, baffle heights are the same. In the second group, the first
baffle (close to the tank inlet) is higher than the second one (in
the middle of tank) and in the third group, they are vice versa.
The mean concentration curves along the tank, when both
baffles have the same height and an inlet concentration of
400 mg/L, are shown in Figure 15. All the outlet mean
concentration curves are approximately more than in those
cases without baffle; therefore, double-baffle configurationsFigure 15: Mean concentration curves along the tank in a double-baffle case
with equal heights (Cin = 400 mg/L).
Figure 16: Mean concentration curves along the tank in a double-baffle case
when the first baffle is higher than the second (Cin = 400 mg/L).
Figure 17: Mean concentration along the tank in a double-baffle casewhen the
first baffle is lower than the second (Cin = 400 mg/L).
with the same height are inefficient. The mean concentration
decreases between 0.25L0 and 0.35L0 and insignificantly
increases between 0.45L0 and 0.55L0. It seems that the flow
does not enter between baffles, due to the recirculation zone
in that region. In this case, the double-baffle acts like a
block, where the flow passes over it; as a result, in this area,
no sedimentation takes place. Therefore, this kind of baffle
configuration reduces the useful area for sedimentation. Due to
these reasons, this case is not effective for the 400 mg/L inlet
concentration.
The mean concentration curves along the tank in double-
baffled flow, when the first baffle is higher than the second, and
an inlet concentration of 400 mg/L, are shown in Figure 16. It
depicts that mean concentration after the first baffle decreases,
while it is constant after the second baffle. In the case of double
baffles with 0.65–0.32H0 and 0.65–0.5H0, although the first
baffle stops particles moving forward, the baffles make a jet
flow that re-suspends the settled particles. In cases of double-
baffle, with 0.5–0.32H0, the outlet mean concentration is less
than that without baffle; thus it is efficient and increases tank
performance. This baffle configuration with other heights is not
effective.
Figure 17 shows the mean concentration along the tank in
cases of double-baffle, in which the first baffle is lower than
the second and the inlet concentration is 400 mg/L. As can be
seen, this case is the worst configuration of baffled flow in the
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present experiments. The existence of the first baffle causes
an increasing in flow velocity. This phenomenon takes place
because of decreasing the passing area. Increasing the flow
velocity intensifies with other reduction in the passing area by
the secondbaffle (which is higher than the first one). The second
baffle is close to the tank outlet; hence, the re-suspended
particles cannot deposit again. All mean concentration curves
are approximately more than those without baffle.
In order to determine the best baffle configuration, all
efficient baffles studied here are shown in Figure 18. The
double-baffle case, with 0.5–0.32H0, is the most efficient baffle
configuration for the 400mg/L inlet concentration. Besides, the
baffle placed at 0.5L0, with 0.32H0 and 0.24H0, is also useful
and the baffle placed at 0.3L0 with 0.24H0 is less efficient than
others. Finally, a baffle placed in the middle of the tank, with
nearly one-third of tank height, is efficient and can be improved
by installing the other baffle, placed at nearly one-third of the
tank length with half of the tank height.
There are several reasons for the excellent performance of
double-baffle configurations with 0.5–0.32H0. First, in the no
baffle case, almost 75% of the suspended loads do settle until
mid-tank length. It is obtained by the C¯in−C¯mid
C¯in−C¯out equation in a no
baffle case, where C¯in, C¯mid and C¯out are mean concentrations
at the inlet, mid-length and outlet of the tank, respectively.
Secondly, a middle baffle prevents the density current from
moving forward and, moreover, it is near the tank outlet and
settled particles are not allowed re-suspension. There is an
exception, however, when the baffle height is too high and
causes a jet flow. Middle baffle efficiency can be improved
using a higher baffle (not too high, that makes a jet flow)
than those somewhere between the inlet and middle of the
tank. Thirdly, the first baffle makes flow undisturbed to raise
particle sedimentation and also the second baffle breaks the
recirculation zone that was caused by the first baffle.
3.2.2. Concentration of 1000 mg/L
The mean concentration along the tank, when a single
baffle is placed at 0.3L0, with various heights and an inlet
concentration of 1000 mg/L, is shown in Figure 19. The same
trend in reducing the mean concentration between 0.25L0 and
0.35L0 for Cin = 400 mg/L (Figure 13) can be seen in this figure.
According to Figure 19, there are no effective improvements
when baffles are placed at 0.3L0. Baffle placed at 0.3L0 is
inefficient and intensifies particle load increase. At 0.3L0, the
flow pattern is disturbed and particles have not had enough
time to settle down; as a result, particles exist at the top
of the tank. Therefore, the baffle (installed at the tank bed)
cannot do its duty completely to prevent particlemovement. By
increasing inlet concentration,mean concentration at the upper
part of the tank increases and the baffle acts less effectively.Figure 19: Mean concentration curves along the tank when a single baffle is
installed at 0.3L0 with different heights (Cin = 1000 mg/L).
Figure 20: Mean concentration curves along the tank when a baffle is installed
at 0.5L0 with different heights (Cin = 1000 mg/L).
Figure 21: Mean concentration along the tank in a double-baffle case with
equal heights (Cin = 1000 mg/L).
Figure 20 shows the mean concentration curves along
the tank when a single baffle is installed at 0.5L0, with
various heights and an inlet concentration of 1000 mg/L. Mean
concentration decreases between 0.45L0 and 0.55L0, due to
baffle existence. A baffle placed in the same location for Cin =
400 mg/L (Figure 14) conducts different behavior from that of
Cin = 1000 mg/L.
In the case of Cin = 1000 mg/L, the mean concentration
decreases between 0.45L0 and 0.55L0, but when Cin = 400
mg/L, the mean concentration slightly increases in the same
area. The mean concentration in cases of baffled flow with
0.24H0 is less than that without baffle; therefore, this baffle
improves tank performance. Other heights of this baffle placed
at 0.5L0 are ineffective and tank performance lessens with
increasing baffle height.
Double baffle classification for Cin = 1000mg/L is similar to
Cin = 400mg/L. Themean concentration curves along the tank,
with heights equal to those in a double-baffle configuration
case and an inlet concentration of 1000 mg/L, are shown in
Figure 21.
According to Figures 15 and 21, all mean concentration
curves are, approximately,more than thosewithout baffle; thus
a double-baffle with the same height is not effective.
Figure 22 shows the mean concentration along the tank in
a double-baffle case in which the first baffle is higher than the
second and the inlet concentration is 1000 mg/L.
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Phase Baffle height per tank height Cout/Cin
Cin = 400 mg/L Cin = 1000 mg/L
Phase # 1 no baffle – 0.523 0.489
Phase # 2 single baffle at 0.3L0
0.24H0 0.455 0.479
0.32H0 0.598 0.46
0.5H0 0.626 0.641
0.65H0 0.899 0.795
Phase # 3 single baffle at 0.5L0
0.24H0 0.387 0.215
0.32H0 0.328 0.462
0.5H0 0.712 0.714
0.65H0 0.715 0.678
Phase # 4 double baffle (baffles at
0.3–0.5L0)
0.24–0.24H0 0.582 0.505
0.32–0.32H0 0.586 0.545
0.5–0.5H0 0.740 0.5
0.65–0.65H0 0.844 0.799
0.5–0.32H0 0.257 0.426
0.65–0.32H0 0.912 0.774
0.65–0.5H0 0.805 0.74
0.32–0.5H0 0.828 0.676
0.32–0.65H0 0.819 0.771
0.5–0.65H0 0.844 0.713Figure 22: Mean concentration curves along the tank in a double-baffle case
when the first baffle is higher than the second (Cin = 1000 mg/L).
Figure 23: Mean concentration curves along the tank in a double-baffle case
when the first baffle is lower than the second (Cin = 1000 mg/L).
Figure 24: Mean concentration curves along the tank for all efficient baffles
(Cin = 1000 mg/L).
Similar to Figure 16, the outlet mean concentration, in
the case of 0.5–0.32H0, is less than that without baffle;
consequently, this baffle configuration is efficient and increases
tank performance.The mean concentration along the tank in a double-baffle
case, with lower first baffle and an inlet concentration of
1000 mg/L, is shown in Figure 23. The same trend as in Cin =
400 mg/L can be seen in Cin = 1000 mg/L. However, the case
of 0.32–0.5H0 does not act too badly, shown in Figure 17, since
the flow is more stable when Cin = 1000 mg/L than when
Cin = 400 mg/L.
As is clear, all mean concentration curves are more than
those without baffle. Therefore, the double-baffle case in which
the first baffle height is lower is ineffective.
In order to determine the best baffle configuration, all use-
ful baffles studied here for Cin = 1000 mg/L are shown in Fig-
ure 24. Obviously, the baffle placed at 0.5L0 with 0.24H0 is the
most efficient baffle configuration for Cin = 1000 mg/L. How-
ever, a baffle placed at 0.5L0, with 0.32H0, and a double-baffle
installed at 0.3–0.5L0, with 0.5–0.32H0, somewhat improves
tank performance.
Baffle installation is costly, thus baffles with minor increas-
ing performance are not economical. Finally, a baffle placed at
themiddle of the tankwith nearly one-fourth of the tank height
is efficient for Cin = 1000 mg/L.
It is questioned as to why the double-baffle with 0.5–0.32H0
is not the best baffle configuration for Cin = 1000 mg/L.
The reason is that a higher particle load creates a higher
flow velocity and a stronger density current. Thus, a passing
area decreasing causes a stronger jet flow than for an inlet
concentration of Cin = 400 mg/L.
4. Conclusion
A series of laboratory experiments are conducted to study
the effect of baffles on sedimentation tank performance.
Experiments include single and double-baffle cases, with two
inlet concentrations. Specific conclusions of this study are:
– The best baffle position relates to inlet concentration.
– The best location of the single baffle for Cin = 400 and
Cin = 1000 mg/L is the middle of the tank. There are two
reasons for this; first, around 75% of the suspended load
settles until the mid-tank length, therefore, a baffle can stop
many particles moving forward; second, the accumulated
particles do not re-suspend, because of more stability in this
kind of baffle configuration.
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the jet flow that re-suspends settled particles. The baffle
height limitation increases by increasing inlet concentration.
Higher influent concentration causes higher flow velocity;
therefore, to avoid stronger jet flow for higher inlet
concentration, a shorter baffle should be used than that for
lower inlet concentration. The best height for the single
baffle in the tankmiddle for Cin = 400 and Cin = 1000mg/L
is one-third and one-fourth of the tank height, respectively.
– A double-baffle with the same height acts like a block
that passes the flow over itself and no sedimentation takes
place at that area; as a result, this kind of double baffle is
inefficient. A double-baffle in which the first baffle is lower,
is the worst configuration of the double-baffle. This kind of
baffle causes high jet velocity flow and re-suspends settled
particles.
A summary of the experimental results, is shown in Table 2 in
which the best configurations are in bold face.
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